This article examines the short-and long-run causal relationship between energy consumption and GDP of six emerging economies of Asia. Based on cointegration and vector error correction modeling the empirical results show that there exists unidirectional short-and longrun causality running from energy consumption to GDP for China, uni-directional short-run causality from output to energy consumption for India, whilst bi-directional short-run causality for Thailand. Neutrality between energy consumption and income is found for Indonesia, Malaysia and Philippines. Both the generalized variance decompositions and impulse response functions confirm the direction of causality. These findings have important policy implications for the countries concerned. The results suggest that while India may directly initiate energy conservation measures, China and Thailand may opt for a balanced combination of alternative polices.
Introduction
With soaring energy prices and increased demand for energy in developing countries, specially from emerging economies like China and India, studies on identifying statistically significant association between energy consumption and economic activities in developing economies are regaining momentum these days. However, it still remains an unsettled issue whether economic growth is the cause or effect of energy consumption. Standard economic theories do not provide any clear-cut answer to this. Although standard growth models do not include energy as an input of economic growth, the importance of energy in modern economy is undeniable. Different studies have reached at different conclusions on different countries with different study periods and various measures of energy. However, no consensus has yet been established. The aim of this article is to contribute to this debate by analyzing causal link between energy consumption and output by using a demand side multivariate cointegration analysis.
The importance of identifying the direction of causality emanates from its relevance in national policy-making issues regarding energy conservation. Energy conservation issue is more important when energy acts as a contributing factor in economic growth than when it is used as a result of higher economic growth. Furthermore, many economists and social scientists are claiming that the increased demand for energy from developing countries like China and India is one of the major reasons for the energy price hikes in recent times. In this backdrop, it is justified to search causal relationship between energy consumption and national output (GDP) of some developing countries from Asia. Thus the present paper attempts to identify the direction of causality between energy consumption and output in the context of six major energy dependent emerging countries, namely, China, India, Indonesia, Malaysia, Philippines and Thailand from Asian. Moreover, it is to be mentioned here that statistical evidence reveal that all these economies have experienced double digit growth in energy consumption in last one decade from 1996 to 2006, with China and India experiencing a growth of almost 80% and 56%, respectively (Appendix Table 1 ). However, since the traditional bivariate approach suffers from omitted variable problems (Stern 1993 , 4 Masih and Masih, 1996 and Asafu-Adjaye, 2000 , this paper employs a trivariate demand side approach consisting of energy consumption, income and prices. The countries selected for this purpose are China, India, Indonesia, Malaysia, Philippines and Thailand.
The rest of the article is structured as follows. The next section provides a critical review of earlier literature, followed by a description of data sources and methodologies. Section 4 examines the time series properties, followed by an analysis of empirical results. Conclusions and policy implications are given in the final section.
Review of literature
There is an impressive body of literature on the relationship between energy consumption and economic growth. Research on this issue has primarily been aimed at providing significant policy guideline in designing efficient energy conservation policies. The pioneering research in this area was conducted by Kraft and Kraft (1978) .
The authors found a unidirectional causality running from national product to energy consumption in the USA over the period 1947 -1974 . Following Kraft and Kraft (1978 , research on this subject has been flourished in the context of both developed and developing countries. However, these studies do not arrive at any unique conclusion as to the direction of causality between energy consumption and economic growth. This may arise from three different sources: first, they differ in the econometric methodologies employed; second, they consider different data with different countries and time spans and third, there may be possible problem created by non-stationarity of data.
Some studies find unidirectional causality running from output to energy consumption.
Following Kraft & Kraft (1978) , Abosedra & Baghestani (1989) find unidirectional causality from output to energy consumption using extended data set on the USA spanning from 1947 to 1987. Unidirectional causality from output to energy has also been found in many other studies. For example, Narayan & Smyth (2005) examine Australia"s data on electricity, GDP and employment; Al-Iriani (2006) examines energy consumption and GDP data of 6 GCC (Gulf Cooperation Council) countries over the period from 1971 -2002 Mozumder & Marathe (2007) examine Bangladesh"s data on electricity consumption and GDP from 1971 -1999 Mehrara (2007) examine the energy consumption and economic growth data of 11 oil exporting countries from 1971-2002; and so on.
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Contrary to the above, some studies find that there is unidirectional causal relationship that runs from energy consumption to output. Wolde-Rufael (2004) finds that over the period from 1952 to 1999 energy consumption in Shanghai Granger causes GDP. Morimoto & Hope (2004) came up with the same outcome on Sri Lankan data from 1960 to1998 that electricity production causes economic growth. Chen, Kuo & Chen (2007) use GDP and electric power consumption data of Asia"s 10 newly industrialized countries (NICs) over the period from 1971 to 2001. Other studies find the similar unidirectional causality from energy consumption to income include Masih & Masih (1998) , Stern (2000) and Shiu & Lam (2004) .
Bi-directional causality has also been found in some studies. Masih & Masih (1997) investigate causal link between energy and output for Korea and Taiwan over the period from 1955 to 1991 and 1952 to 1992 respectively and conclude that there is bidirectional causal relationship between these variables. Soytas & Sari (2003) examine G-7 and 10 emerging economy"s data except China and find bi-directional causal relationship between per capita GDP and energy consumption in Argentina over the period from 1950 to 1990. However, in the same study they find two different results for other countries. In case of Italy, from 1950 to 1992 and Korea, from 1953 to 1991 they find that causality runs from GDP to energy consumption, whereas the opposite was found in case of Turkey, Germany, France and Japan over the period from 1950 to 1992. Other studies that also come up with same conclusions are Asafu-Adjaye (2000), Oh & Lee (2004a) , Yoo (2005) and Wolde-Rufael (2006) . Although most of these studies find significant causal link between energy and output, some earlier studies, such as, Yu & Hwang"s (1984) study on US data from 1947 to 1979 and Stern"s (1993) study on US data from 1947 to 1990 conclude that there is no causal relationship between these two variables.
In addition to causality analysis, some studies examine whether the underlying time series data have undergone any structural break. For example, Lee & Chang (2005) examine Taiwan"s data and find the structural break in gas and GDP data. With regard to causality they conclude that energy causes growth and energy conservation may harm economic growth. Altinay & Karagol (2005) examine Turkish data and find similar result to that of Lee & Chang (2005) . They find structural break in the electricity and income series and unidirectional causality running from electricity consumption to income. This finding also implies that energy consumption may be harmful for future economic growth.
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Most of the previous studies in this field performed bivariate Granger causality test to ascertain the direction of causality. However, in one of the pioneering works in multivariate studies Stern (1993) questions the appropriateness of such bivariate approach in the light of omitted variable problems. The traditional bivariate causality tests may fail to identify additional channels of impact and can also lead to conflicting results. Afterwards, multivariate studies in this field take two different dimensions:
demand side approach with energy consumption, GDP and prices; and supply or production side approach with energy consumption, GDP, capital and labor. Examples of demand side approach are Masih and Masih (1997) and Asafu-Adjaye (2000) ; while of production side approach are Stern (1993) , Stern (2000) and Oh and Lee (2004b) .
From the above discussion some important conclusions emerge. First, the relationship between energy consumption and economic growth is not unique. Second, different studies use different measures of energy. Third, in most of these studies time series property of underlying variables (structural break) has not been considered properly.
Fourth, multivariate approaches are superior to bivariate approach. Fifth, multivariate studies on Asian countries are not profound. And sixth, studies identifying both shortand long-run causality between energy consumption and income are limited. The present article is an attempt to overcome some of these deficiencies in the earlier studies. It differs from previous studies on the following grounds: to the authors" knowledge this is the first paper considering two of the fastest growing economies (India and China) of the world using the same multivariate framework. Instead of using any single energy source (such as, electricity or gas or coal) this article uses a broad measure of energy consumption, million tones oil equivalent.
The importance of this paper lies in three points. One, prior to analyzing the econometric model this study performs a battery of pre-testing procedures one of which is the test of unknown structural break in the underlying time series data. Second, instead of using Engel-Granger two step method, this study employs cointegration test proposed by Johansen (1988) and Johansen and Juselius (1990) . Third, this study examines causality among the variables within the error correction model formulation to identify both the direction of short-and long-run causality and within-sample Granger exogeneity and endogeneity of each variable. Fourth, for testing the robustness of results this study presents variance decompositions and impulse response functions which provide information about the interaction among the variables beyond the sample period. 
Data Sources and Methodology

Methodology: This article employs a vector error-correction (VEC) model (due to
Engel and Ganger 1987) of the following form:
where LY, LE and LP represents log of GDP, energy consumption and price levels, respectively and µ"s are intercepts. Γ(L) denotes a 3×3 polynomial matrix of coefficients to be estimated, where Γ is the short-run adjustments among the variables across the three equations in the system and L is the lag operator. Π represents the errorcorrection components in levels. Δ denotes the first difference operator and ε"s are the white noise error terms. Through the error correction term (ECT), the model opens up an additional channel of causality which traditionally ignored by the standard Granger (1969) and Sims (1972) Therefore, this article uses the Johansen (1988) and Johansen and Juselius (1990) maximum likelihood estimation procedures.
This paper employs both generalized variance decompositions and generalized impulse response approaches proposed by Koop et al.(1996) and Pesaran and Shin (1998) . The reason behind employing the generalized versions of these two techniques is that the results from these analyses are invariant to the ordering of the variables entering the VAR system.
Empirical analyses
Time series properties of data: Augmented Dickey-Fuller (ADF) and Phillips Perron (PP) unit root tests are first employed to examine the stationarity of underlying time series data. The results 1 of the tests reveal that all the concerned variables are nonstationary at level but stationary at their first differences. However, as mentioned earlier that the traditional unit root tests cannot be relied upon if the underlying series contains structural break(s). Many authors discuss this limitation of the conventional unit root tests (Perron 1989 (Perron , 1997 Zivot & Andrews 1992 The Perron test results provide further evidence of the existence of unit roots in three series of different countries when breaks are allowed. When the underlying series is found non-stationary the selected value of T b is likely to no longer yield a consistent estimate of the break point (Perron 1997) . Therefore, it may be concluded that the underlying data are non-stationary at level but stationary at their first differences.
Co-integration and Granger causality:
As the variables are level non-stationary and first difference stationary, the Johansen (1988) and Johansen and Juselius (1990) maximum likelihood co-integration test is employed to examine if the variables are cointegrated and the test results are reported in Table 2 . The superiority of Johansen"s approach compared to Engle and Granger"s residual based approach lies in the fact that Johansen"s approach is capable of detecting multiple cointegrating relationships among variables (Asafu-Adjaye 2000). Note: r indicates number of cointegrations. The optimal lag length of VAR is selected by Schwarz Bayesian Criterion. Critical values are based on Johansen and Juselius (1990) . *, **, and *** indicate significant at 10%, 5%, and 1% level respectively.
It is apparent from Table 2 that, for China, India, Indonesia, Malaysia and Thailand, there is a single cointegrating relationship while for Philippines, the test results suggest the presence of two cointigating relationships. These results suggest that there is long run equilibrium relationship among output, energy consumption and price levels.
Moreover, the cointegrating relationships among the variables indicate the existence of
Granger causality in at least one direction. Thus to identify the direction of causality the error correction model is consulted. The results of vector error correction model are summarized in Table 3 . The ECM does not only provide an indication of the direction of causality, it also enables to distinguish between short-run and long-run Granger causality. However, before discussing the ECM results it is worth to note that in constructing the ECM it is very important to select the appropriate lag length for the model. This paper employs Schwarz Bayesian information criteria for this purpose and the results are reported in Appendix Table 2 .
The results for China imply uni-directional causality running from energy consumption to output both in the short-and long-run. The results further indicate that both energy consumption and income adjust to restore the long-run equilibrium relationship whenever there is a deviation from equilibrium cointegrating relationship. For India in the short-run the direction of causality is just the opposite, from income to energy consumption. However, there is no evidence of causality in the long-run. All three variables interact to restore the long-run equilibrium relationship. The results for
Indonesia are similar to Asafu-Adjaye (2000). There is no evidence of causality between energy consumption and income both in the short-and long-run indicating neutrality between energy consumption and income. The explanation of this neutrality lies in the fact that since Indonesia is a net energy exporter it enjoys greater immunity from energy shocks. Furthermore, in Indonesia, both output and price levels appear to bear the burden of adjustment towards the long-run equilibrium in response to a shortrun deviation. No Ganger causality between energy consumption and output is found with respect to Malaysia and Philippines. However, for both of these countries output and energy interact together to restore the long-run equilibrium. In Thailand the results show bi-directional causality between energy consumption and income in the short-run.
Energy consumption seems to restore the long-run equilibrium alone. In most of the countries price levels seem to be less active. The results for Malaysia and Thailand, prices appear to be an exogenous variable in both the models.
Test for Source of Variability:
Granger causality test suggests which variables in the models have significant impacts on the future values of each of the variables in the system. However, the result will not, by construction, be able to indicate how long these impacts will remain effective in the future. Variance decomposition and impulse response functions give this information. Hence this paper conducts generalized variance decompositions and generalized impulse response functions analysis proposed
by Koop et al (1996) and Pesaran and Shin (1998) . The unique feature of these approaches is that the results from these analyses are invariant to the ordering of the variables entering the VAR system. 
Note:
The vector error correction model (VECM) is based on an optimally determined (Schwarz Bayesian Information Criterion) lag structure (Appendix Table 2 ) and a constant. *, **, and *** indicate significant at 10%, 5%, and 1% level respectively. 
Conclusions and Policy Implications
This paper investigates the relationship between energy consumption and income in a trivariate demand side framework. Six emerging economies from Asia (such as, China, India, Indonesia, Malaysia, Philippines and Thailand) are selected for this purpose. The error-correction mechanism (ECM) is used to examine both short-and long-run Granger causality. Furthermore, generalized variance decompositions and impulse response functions are employed to confirm the robustness of causality tests. The empirical results show a uni-directional causality running from energy consumption to income for China for both short-and long-run. In India the results are opposite, i. e.
short-run uni-directional causality from output to energy consumption is found.
However, there is no evidence of long-run causality between the variables. In
Philippines there exists a long-run uni-directional causality from energy consumption to output. While for Thailand bi-directional causality exists between energy consumption and income in the short-run. And for the rest of the countries, i. e. Indonesia and
Malaysia the results find evidence for the neutrality of energy in both short-and longrun. However, neutrality between energy and income is expected in Indonesia since it is a net energy exporter and therefore, she seems to be more prepared to manage probable energy shocks because of their energy supply security. Another significant finding of this paper is that except for China and Philippines, for all the countries the hypotheses of neutrality of energy hold in the long-run. Prices seem to be less influential for most of the countries and in the model for Malaysia and Tailand it proves to be an exogenous 
